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Abstract 

Active Constellation Extension (ACE) is one of techniques intro- 
duced for Peak to Average Power Ratio (PAPR) reduction for OFDM 
systems. In this technique, the constellation points are extended such 
that the PAPR is minimized but the minimum distance of the con- 
stellation points does not decrease. In this paper, an iterative ACE 
method is extended to spatially encoded OFDM systems. The pro- 
posed methods are such that the PAPR is reduced simultaneously at 
all antennas, while the spatial encoding relationships still hold. It will 
be shown that the original ACE method can be employed before Space 
Time Block Coding (STBC). But in case of Space Frequency Block 
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Coding (SFBC), two modified techniques have been proposed. In the 
first method, the OFDM frame is separated by several subframes and 
the ACE method is applied to these subframes independently to re- 
duce their corresponding PAPRs. Then the low PAPR subframes are 
recombined based on SFBC relationships to yield the transmitted sig- 
nals from different antennas. In the second method, for each iteration, 
the ACE is applied to the antenna with the maximum PAPR, and the 
signals of the other antennas are generated from that of this antenna. 
Simulation results show that both algorithms converge, but the sec- 
ond method outperforms the first one when the number of antennas is 
increased. 
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1 Introduction 

Spatial diversity systems increase the reliability of wireless networks using 
several transmitter and receiver antennas simultaneously. To achieve the 
full diversity at the transmission side, the space time codes have been intro- 
duced in [lj [2] . OFDM is another technique used in the frequency selective 
channels [3]. By combination of spatial diversity and OFDM techniques, a 
higher capacity can be achieved over broadband multipath fading wireless 
channels [H [5] . One of the drawbacks of OFDM systems is high PAPR which 
leads to the saturation of the high power amplifier. Thus, a high dynamic 
range amplifier is needed, which increases the cost of the system. Some tech- 
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niques have been proposed to reduce the PAPR in single antenna OFDM 
systems [6]- [2]. Some of these methods need Side Information (SI) to be 
transmitted to the receiver such as Partial Transmit Sequence (PTS) [6, 71 
and Selected Mapping (SLM) [SJE]. Some other methods do not need side 
information such as clipping and filtering |1U| [TT] , tone reservation [12] , block 
coding p3], and ACE [H]. 

In the ACE method, the constellation points are extended such that the 
PAPR is minimized without any increase in Bit Error Rate (BER). To find 
the proper extension of the symbols, an iterative method which is based on 
Projection Onto Convex Sets (POCS) optimization algorithm has been pro- 
posed in [14J. In this method, at each iteration, the time domain signal is 
clipped and filtered. The clipping and filtering noise moves the constellation 
points. The extension of each symbol must be within the allowable regions; 
otherwise, the point is moved to its original position. These procedures are 
performed iteratively to achieve the target PAPR. 

The main problem in extension of ACE method to the spatially encoded 
OFDM systems is the simultanous PAPR reduction at all antennas while 
the spatial encoding relationships still hold. Two types of spatial encodings 
are discussed; STBC and SFBC. In case of STBC, the time domain signal 
of antennas are the conjugate or negative conjugate of the OFDM frames 
before the STBC. Thus, if the ACE algorithm is applied to the OFDM 
frames and then the STBC encoding is applied, the PAPR is reduced for 
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each antenna. In the SFBC case, the spatial encoding is done between the 
adjacent subcarriers of OFDM frame {!]. To hold the SFBC structure of 
the frequency domain signal of different antennas and to reduce their PAPR 
simultaneously, two modified ACE methods are proposed. It will be shown 
that the time domain signals of different antennas in SFBC is the combina- 
tion of several signals and their conjugates. These signals can be derived by 
separation of the frequency domain vector into several subframes and the 
application of IFFT to these subframes. If the PAPR of these generating 
signals is reduced, then the PAPR at all antennas can be reduced. This is 
the base of the first proposed method for SFBC case. In this method the 
iterative ACE is applied to the subframes independently and then the signal 
of antennas are generated by the combination of the resulting low PAPR 
subframes. In the second algorithm for each iteration, the antenna with the 
maximum PAPR is selected and the clipping, filtering and movement of the 
constellation points are applied. Then the signals of the other antennas are 
produced using SFBC relationships. This procedure is done iteratively to 
achieve the target PAPR or it will be stopped after a number of iterations. 

The rest of this paper is organized as follows: In section 2, the single 
antenna OFDM systems are modeled and the iterative ACE method for 
PAPR reduction at these systems is discussed briefly. Then in section 3 the 
system model of STBC-OFDM systems is introduced and the ACE method 
is extended. In section 4, the SFBC-OFDM systems are investigated and 
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the ACE optimization problem is introduced. Two proposed methods for 
SFBC are introduced in subsections 4.1 and 4.2. Section 5 is about the 
computational complexity of the proposed methods. Section 6 is related to 
the simulation results and performance evaluation. 

2 Single antenna OFDM systems and the ACE 
method 

In single antenna OFDM systems, the input bit stream is interleaved and en- 
coded by a channel encoder. Then, the coded bits are mapped onto the com- 
plex symbols using digital modulation techniques. The sequential symbols 
are converted to blocks of N c complex symbols. S m = [5 m (0), S m (l), S m (N c 
1)} T is the mth block, where N c is the number of OFDM subcarriers. Then 
N — N c zeros are added (-^- is the oversampling ratio) before the IFFT block 
to yield the oversampled time domain vector s m = [s m (0),s m (l),...,s m (N- 

1)] T : 

1 iVc ~ 1 

s m (n) = -= V S m (k)e i *& i ,n = 0,l,-,N-l. (1) 

The PAPR of the OFDM frame is defined as the ratio of the maximum 
to average power of the time domain samples: 

PAPR _ max TO {|g m (n)| 2 } 

FAFKm ~ E{\s m (n)\*} {2) 
where E{.} is the mathematical expectation. Based on ([T]), the time domain 
samples are the sum of N c independent terms. When N c is large, based on 



the central limit theorem, the time domain samples have Gaussian distribu- 
tion and thus they may have large amplitudes. 

To reduce the PAPR by the ACE method [14] . the complex symbols 
S m {k) are extended such that the PAPR of the time domain signal is re- 
duced while the minimum distance of the constellation points does not de- 
crease. Thus at the receiver side the Bit Error Rate (BER) does not in- 
crease. Fig.l shows the regions in which the symbols S m (k) can be moved 
such that the minimum distance of the constellation points does not de- 
crease. If the symbol S m (k) is extended to the point S m (k) + C m (k) and 
C m = [C m (0), C m (l), C m (N c — 1)] T , then the following optimization prob- 
lem must be solved: 



f 1 JVc_1 -a™* 1 

\ max{s m (n) + — — V] C m (k)e j ^~} } 

Subject to \\C m \\ 2 < AP (3) 



mm 

Cm 



where AP limits the power increase. In [J3] an iterative algorithm for finding 
the suboptimum solution of ([3]) has been proposed. In this method, which 
has been shown in Fig. 2, the time domain samples s m (n) are clipped as 
follows: 

s m (n) if |s m (n)| < A 
s m {n) = < , (4) 

k feS ifM«)|>^ 

where A is the clipping threshold. The nonlinear clipping operation cre- 



ates the in-band and out-of-band distortions. The out-of-band components 
must be removed. Therefore the samples are converted again to the fre- 
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Figure 1: Constellation extension for PAPR reduction of QPSK and 16- 
QAM modulations 

quency domain using FFT operation and N — N c out-of-band components 
are removed. Note that the in-band components S m (k), k = 0, 1, ■ ■ ■ , N c — 1 
have been moved from their initial position in the constellation. The new 
points denoted by S m (k) must be mapped to the regions shown in Fig.l. To 
achieve this, the points in acceptable regions are kept unchanged and the 
other points are mapped to these regions. Then the time domain samples 
are generated again form the extended symbols and the procedure of clip- 
ping, removing the out-of-band components and mapping to the acceptable 
regions is performed iteratively to achieve the target PAPR. 
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Figure 2: Iterative ACE method for PAPR reduction of single antenna 
OFDM systems. 
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Figure 3: Block diagram of STBC-OFDM system with two transmitter an- 



tennas. 
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3 STBC-OFDM systems and ACE method for PAPR 
reduction 



In STBC-OFDM system with two transmitter antennas shown in Fig. 3, 
the space time block coding are applied to two sequential blocks S2 m an d 
S 2m+ i. If S$ = [S^\0),S^\l),...,S^(N c - l)f is the mth frequency 
domain block of the pth antenna, then the STBC encoded signals are pQ: 



42(^) ^2m+l(^) S2m(k) ^2m+l(^) 

l S 2m +i{k) S% m (k) J 



(2) 



,k = 0,l,...,N c -l, 



(5) 



where m is an integer. For the case of four transmitter antennas, the space 
time block coding is applied to four sequential blocks as follows [15]: 







o(l) 
J 4m J 


M 




S[m(k) 




o(2) 






^im(k) 




o(3) 
J 4m J 


- 2 (*0 


Sim+sik) 











SAm(k) —Slm+l{k) S4 m+ 2{k) ~^4m+3(^) 



s 



4m+2(^) ~^4m+3(k) St± m (k) 



O 



4m+l 



(k) 



y S*4 m +3(A;) S^ m+ 2{k) S<i m +i{k) S\ m {k) , 



(6) 
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(v) 

Now N — N c zeros are added to the blocks Sm and the IFFT operation 
is applied to yield the time domain samples (n) i.e.,: 



s 



w = [ a W(o), a W(i),.., 8 W(jv-i)] 



, iVc-l 



•""■ (/ " - 7 =52S$(k)e?*tf k ,n = l,2,...,N. (7) 



The PAPR of the mth frame at the pth antenna is defined by: 

PAPR (p) = max "{|sm(n)| 2 } 
E{\$(n)\*} ' 



(8) 



and the ovaral PAPR at the mth transmission is defined by: 

PAPR m = max PAPB$ . (9) 

v 

As it can be seen, the transmitted blocks from different antennas are the 
conjugate or the negative conjugate of the original blocks S m . For example, 
in case of two transmitter antennas, it can be easily seen from (JSJ and ([7]) 
that: 

4m (») = s 2m(n) , «2m( n ) = S 2 m+l(n), 
4m+l( n ) = - s *2m+l((- n )N) , 4m+l( n ) = s 2m((- re )A r ) ( 10 ) 

where (.)jy is mod iV operation. The above equations show that the time 
domain signals transmitted from different antennas are the conjugate or the 
negative conjugate of the original time domain samples s m . Because these 
operations do not change the PAPR, it is sufficient to reduce the PAPR of 
the original blocks s m before STBC. Thus, the overall PAPR is also reduced. 
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Figure 4: Block diagram of the ACE method for STBC-OFDM system with 
two transmitter antennas. 

Fig. 4 shows the block diagram of the proposed ACE method for STBC sys- 
tem with two transmitter antennas. As it can be seen from this figure, the 
iterative ACE method introduced in section 2 is applied independently to 
two sequential frames S2m and S2m+i- The extended blocks S2 m and S2 m +i 
are passed through IFFT to yield low PAPR time domain vectors S2 m and 
S2m+l> respectively. Then the space time block coded signals are generated 
using ([TDJ with replacing s 2m (n) and s 2m+ i(re) by s 2m (n) and s 2m+ i(n). 

A similar algorithm can be proposed for STBC-OFDM system with four 
transmitter antennas. In this case the ACE algorithm is applied to four se- 
quential blocks S4 m , S4 m+ i, S4 m+ 2 and S4 m+ 3 to yield the extended vectors 
S4 m , S4 m+ i, S4 m+ 2 and S4 m+ 3. Then the IFFT operation is applied to these 
vectors and the signal of four antennas are generated from the time domain 
samples S4 m , S4m+i> and S4 m+ 3 using time reversion and conjugate 

operations. 
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4 SFBC-OFDM systems, and modified ACE meth- 
ods for PAPR reduction 

In SFBC-OFDM systems the block S m is divided to T subblocks, where T 
is the code block length. The ith subblock is denoted by S mj j and is defined 
by: 

s m , t = [s m (i), s m (i + r), s m (N c - r + i)f, i = o,i, r - 1. (11) 

Then the zero padded subblocks ~K m ,i are generated as follows: 

x m>l = [s m (i), o, • • • , o, s m (i + r), o, ■ ■ ■ , o, • • • , s m (N c - r + i), o, • • • , o] NcXNc 

" v ' V v ' " * ' 

r r r 

= ri,0,---,0,l,0,---,0,---,l,0,---,0j®S ro , i , (12) 

V v ' V * ' V v ' 

r r r 

where <8> is the kronecker product. If Z~ l is defined as the ith right circular 

shift, then it is apparent that: 

r-i 

^ m = ^ 1 ^-m,i- (13) 
i=0 

In SFBC encoder the frequency domain vectors of different antennas are 
generated by combination of the subblocks X mj j and their conjugates with 

different shifts and scaling factors. If the frequency domain vector of the 

(p) 

pth antenna is denoted by Sm , then it can be written as: 



r-i 



(p) 



i=0 



»(P) Y • -L- Y* 



,p = l,2,...,N t , (14) 



(v) 

where D\ ' is an integer which shows the amount of shift of the ith sub- 
block at the pth. antenna and afj^ and are complex numbers. Then 
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(p) 

the frequency domain vectors S™ ,p = 1,2, ...,iV f are passed through IFFT 



blocks to generate the vectors Sm\p = 1,2, ...,Nt which are the time do- 
main samples of different antennas. If the subframes X mj j, i = 0, 1, • • • , V— 1 
are passed through IFFT block to yield the time domain subblocks = 
[x m ,i(0), x mi i(i), ■ ■ ■ ,x m: i(N — 1)] T , then it can be seen that: 



r-i 



. 2nnD 



i=0 



(15) 



For example, Fig. 5 shows the block diagram and frame structure of SFBC 
systems with two transmitter antennas and a code block length of T = 2. 
The frames Sm and Sm^ are generated from S m as follows: 



^ S$(2v) S$(2v + 1) ^ 



\^ S% ] (2v) S^'(2u + l) J 



(2), 



( S m (2v) S m (2u + 1) ^ 



v S^{2u + 1) -S* m (2u). 
0,l,...,JV c /2-l 



(16) 



In [3] it has been shown that if it can be assumed that the channel 
response at two adjacent OFDM subchannles are the same, then full diver- 
sity can be achieved. In this case the original frame S m is divided by the 
subblocks X m> o and X mj i as shown bellow: 

X m , = [5 m (0),0,5 m (2),0,--- ,S m (N c -2),0] T 

X m ,i = [S m (l),0,S m (3),0,---,S m (iV c _i),o] T (17) 

Then the vectors Sm and Sm can be written in the form of (|14p . i.e.,: 

^rn = X mi Q + Z _1 X mj i, 
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Figure 5: Block diagram and frame structure of SFBC-OFDM system with 
two transmitter antennas. 

In case of jVj = V = 4, the encoding procedure is as follows: 
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In this case, if X mj j, % = 0, 1, 2, 3 are defined based on (|12p . then it can be 
written as: 

Sm = X m) + Z 1 X m ,l + Z 2 X mj 2 + Z 3 X TOi 3 
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S(2) ry — 1"V"* I "V* V — 3"V"* j ry — 2 V" * 

m _ — ^ ^771,0 "+~ m,l ~~ & A -m,2 ' " ^m,3 

Sm = ^ 2 X mi o + ^ 3 X mj i + ~K m ,2 + ^ 1 X m: 3 

S# = -Z- 3 X* mt0 + Z- 2 X* m>1 -Z^X* m>2 + X* m>3 (20) 

Similar to ([8]) and ([9]), the PAPR of different antennas is denned and 
the overall PAPR is the maximum PAPR among antennas. To reduce the 
PAPR, the symbols S m are extended to S m + C m . If the extension vector 
C m is divided by subblocks C m ,i similar to (fl2|) . the time domain signal of 
the pth. antenna becomes: 



st\n) = st\n)+^=Y, E 

v iV i= o k=0 



■ 2irnk 

e j N 



(21) 

The main goal in SFBC case is the determination of the extension vector 
C m such that the maximum PAPR among the antennas is minimized. Thus, 
to minimize the maximum PAPR of SFBC system, the following optimiza- 
tion problem must be solved: 



1 \ - ^ _j L_ 



mm max W (n) + -= ^ ^ e ■> " 

c "" 1 ' p ViV i=0 k=0 



r-i 



where C m = Z l C m ,i Subject to ||C m || 2 < AP 

To find the suboptimum solution of (|22p . in the following subsections 
two methods have been proposed. 
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4.1 Sub- ACE method 

From ()15p it can be seen that the signals of Nt antennas are the combination 
of the time domain samples of the subblocks x m ,i{n) and their conjugates. 
Thus if the PAPR of these subframes are reduced, the PAPR at all the anten- 
nas is also reduced. It means that instead of solving (|22p . the optimization 
problem is solved as follows: 

min<^ max{x mji (n)H == V] C m i(k)e~ j ^} \,i = 0, 1, • 



,r-i 

(23) 



Then the time domain subframes x m ,• are modified as: 



1 JVo_1 

Xm,i(n) = x m>i + ^ C myi (k)e~ j ^~ . (24) 

Afterward the signal of iVt antennas are generated based on (fT5|) with 
replacing x m ^{n) by x mj j(n). This method is based on the PAPR reduction 
of the subframes, thus the name Sub-ACE method. Fig.6 shows the block 
diagram of the Sub-ACE method. A similar method has been proposed in 
[16] but the PAPR of the subframes is reduced by clipping and filtering 
instead of the ACE method. 

Note that in the Sub-ACE method, the PAPRs of the subframes are 
reduced independently. When these subframes are recombined, it is possible 
to make new peaks because the phase of the subframes may be equal in some 
time samples. It is clear that when the number of subblocks grows (which 
is equal to the code length), the peak generation in the composition stage 
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Figure 6: Block diagram of the Sub-ACE method for PAPR reduction 
of SFBC-OFDM systems with Nt transmitter antennas with a code block 
length of T. 

is more probable. 

4.2 Selective-ACE method 

Another approach to find the suboptimum solution of (|22|) is the application 
of ACE method to the antenna signal with maximum PAPR and construc- 
tion of the other antenna signals from this signal. Fig. 7 shows the block 
diagram of this method. This figure show that the frequency domain vec- 
tors of different antennas are generated from original frame S m using (|12p 
and (|14p . Then the time domain samples are derived using IFFT operation. 
Among these signals, the one with the maximum PAPR is selected which 
is denoted by Sm ■ The time domain signal of selected antenna is passed 
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through the clipping and FFT operations. Then N — N c out-of-band compo- 
nents are removed and the in-band components Sm\k), k = 0, 1, • • • , N c — 1 
are mapped to the allowable regions shown in Fig. 1 to prevent decreasing the 
distance between the constellation points. The resulting vector is Sm . Now 
the signals of the other antennas must be generated from these extended 
symbols. For this aim, the modified frame S m is regenerated from Sm and 
the signal of the other antennas are produced from the modified symbols 
S m {k). Note that in case of the two transmitter antennas described in (|16p 
the frame S m can be generated from S™ or Sm as follows: 

S m (k) =sW(k),k = 0,l,-,N c -l, 

-S$*{2v + 1) if A; = 2^ 
Sm(k) = { , (25) 

S$*(2v) iik = 2u + l 

Similarly from (|19p . a relationship can be derived to generate S m from 



Sm(q = 1, 2, 3, 4) in case of the four transmitter antennas. 

The procedure of selecting the antenna with the maximum PAPR, apply- 
ing clipping, filtering, mapping and constructing the signal of other anten- 
nas is performed iteratively. This method is called Selective-ACE because 
at each iteration, the ACE method is applied to the selected antenna with 
the maximum PAPR. 
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Figure 7: Block diagram of the Selective- ACE method for PAPR reduction 
of SFBC-OFDM systems with N t transmitter antennas. 

5 Computational Complexity 

In this section, the computational complexity of the proposed methods is 
discussed. The original ACE method and the proposed ACE algorithms 
for STBC and SFBC cases include five steps shown in Table. 1. This table 
summarizes the order of complexity at each step of the algorithms. Note 
that the complexity of the ACE method in STBC case is the same as the 
complexity of the ACE method in the single antenna case. As it can be seen 
from this table, the complexity of the Sub- ACE method is even less than the 
original ACE method. Because one N points IFFT operation in the original 
ACE method is converted to Nt IFFTs with the size of N/N t points. The 
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Table 1: The order of the complexities of the five steps of the original and 
the modified ACE methods for the case of the single antenna and the SFBC- 
OFDM systems. 



complexity of the Selective-ACE is higher than the original ACE method 
because at each iteration, Nt IFFTs of length N must be calculated. At 
the step of finding the antenna with the maximum PAPR, the amplitude of 
the NNt time domain samples must be calculated and the maximum value 
must be found. 

6 Simulation results 

In our simulations, the OFDM frames with A c = 256 subcarriers have been 
assumed with QPSK modulation. To find the peak values and also to es- 
timate the PAPR of the analogue signal, the oversampling ratio of 4 has 
been used. The two cases of STBC-OFDM and SFBC-OFDM have been 
simulated. In the calculation of the PAPR the ratio of the maximum power 
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to the initial power (before constellation extension) has been considered, 
thus the power increase of the PAPR reduction algorithm has been taken 
into account. The performance of the proposed methods is evaluated by the 
Complementary Cumulative Density Function (CCDF) of the PAPR which 
is defined as: 

CCDF(PAPRo) = Pr{PAPR > PAPR }. (26) 

Fig|8] shows the performance of the ACE method in the STBC-OFDM 
system with the two transmitter antennas using various numbers of itera- 
tion. The optimum clipping level in this case is A.&QdB above the average 
power of the OFDM frames. As it was mentioned before, the performance 
of the ACE method in STBC-OFDM is similar to the single antenna OFDM 
systems and it does not depend on the number of transmitter antennas. It 
can be seen from this figure that the PAPR reduction at the probability 
of 10 -4 is about 1.2dB, 2.QdB, 3.5dB and 3.7dB after one, three, five and 
seven iterations, respectively. 

Figj9] shows the performance of the modified ACE methods in the 
SFBC-OFDM system with two transmitter antennas and QPSK modula- 
tion. In this case, two proposed methods, Sub-ACE and Selective-ACE 
algorithms, have been simulated. In the Selective-ACE method, the opti- 
mum clipping level is 4.86dB above the average power of OFDM frames and 
in the Sub-ACE algorithm is 4.86d-B above the average power of the sub- 
frames. It is apparent that the performance of the Selective-ACE method 
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8: The performance of the ACE method for STBC with 2 transmitters 
one, 3, 5 and 7 iterations. 
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SFBC-OFDM with two transmitter antennas 
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Fig. 9: The performance of the ACE method for the SFBC-OFDM with 2 
transmitters after one, 3, 5 and 7 iterations. 

is better than the Sub- ACE method. The main reason is the peak regrowth 
in the step of subframe combination in the Sub- ACE algorithm. 

FigOU shows the CCDF of the PAPR in case of the SFBC-OFDM sys- 
tem with four transmitter antennas based on the encoding structure of (|19p . 
It is apparent from this figure that the performance of the Sub- ACE method 
is worse than the two antenna case. As it was mentioned before when the 
number of subblocks increases the probability of peak regeneration in sub- 
frame composition step also increases. The Selective-ACE method has a 
good performance in this case. To compare the results for two and four 
antenna cases in FigHH the PAPR at probability of 1CT 4 has been plotted 
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SFBC-OFDM with four transmitter antennas 
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Fig. 10: The performance of the ACE method for the SFBC-OFDM with 4 
transmitters after one, 3, 5 and 7 iterations. 
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Fig. 11: The PAPR reduction versus the number of iterations for the STBC 
and the SFBC systems with two and four transmitter antennas. 

versus the number of iterations. Since the performance of the ACE method 
in the STBC is similar to the performance of the ACE in the single antenna 
OFDM system, it is a good upper bound on the performance of the other 
methods. As it can be seen from Fig llH the Selective- ACE method has only 
about 0.7dB degradation in comparison to the ACE in the STBC case at 
the 7th iteration, while the performance degradations are 1.7dB and 3.1dB 
for the Sub-ACE method in case of the two and four transmitter antennas, 
respectively. 
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7 Conclusion 

In this paper the extension of the ACE for PAPR reduction for the space 
time and space frequency block coded OFDM systems has been discussed. 
It is shown that the ACE method can be used in the STBC case as an 
independent block before the spatial encoding and its performance is similar 
to the ACE in single antenna OFDM systems. In the SFBC case, we have 
proposed two new algorithms: one is based on applying the ACE on the 
subframes (Sub- ACE) and the other one is based on applying the ACE on the 
antenna with the maximum PAPR (Selective- ACE). Simulation results show 
that both algorithms converge but the performance of the Sub- ACE method 
degrades due to peak regrowth in the step of subframe recombination. This 
degradation is more obvious when the code block length increases. The 
performance of the Selective- ACE is better and is close to the performance 
of the ACE method in single antenna OFDM systems. This improvement 
is more pronounced when the number of transmission antennas increases. 
In the Selective-ACE method the PAPR reduction of about 3dB can be 
achieved in both cases of the two and the four transmitter antennas. 
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